remove from proteins than standard phosphate groups, which are cleaved off by a battery of cellular phosphatases. Pathogens presumably use AMPylation for both these reasons: AMP is a better blocker that's harder to remove. An interesting question for future work is whether there are enzymes that reverse SelO-catalyzed AMPylations, or whether AMPylated substrates are ultimately cleared by degradation instead.
One hypothesis about pseudokinases that has definitely not stood up to scrutiny is that pseudokinases are junky evolutionary remnants. Rather, pseudokinases turned out to be highly conserved across the kingdoms and phyla of life, both with respect to the presence of residues that give them that attractive protein kinase fold and the absence of residues that give them that catalytic spark. Indeed, Sreelatha et al. [1] put this conservation to good use: although they crystallized SelO from a bacterial plant pathogen, they performed biochemical studies on SelO proteins from humans and from the workhorse bacterium E. coli, and they also carried out genetic analyses of SelO in yeast. This last set of experiments showed that SelO is targeted to yeast mitochondria, where it protects yeast cells from oxidative stress.
Human and other higher eukaryotic SelO proteins contain a single selenocysteine residue near their carboxyl terminus, distal to the kinase domain. What's it doing there? Sreelatha et al. [1] found biochemical evidence that the equivalent residue in E. coli SelO (which happens to be a regular old cysteine in this organism) forms an intramolecular disulfide bond with a cysteine in the activation loop. The activation loop is one of the key flexible regulatory elements in canonical kinases, and it typically undergoes regulated refolding following post-translational modification or protein binding [8] . Having its activation loop locked up in a disulfide bridge inhibits the AMPylation activity of E. coli SelO, illuminating how the oxidation state might regulate the activity of SelO enzymes.
There are several open questions raised by the new study. For example, how is the substrate specificity of SelO determined? Is SelO part of an ancient, conserved oxidative stress defense pathway? Finally, are there other pseudokinases that are AMPylating enzymes or, alternatively, that have some other clever catalytic activity that isn't canonical phosphorylation?
The canonical eukaryotic protein kinase domain is a remarkable structure [9, 10] . It executes the most widely used regulatory post-translational modification with efficiency and fidelity. It responds exquisitely to multiple types of regulatory input. It uses various parts of its surface to dock to substrates, bind to scaffolds and regulators, and dimerize [11, 12] . It can act as an allosteric regulator or a scaffold itself, whether in its canonical or pseudo flavor, because it has parts that can rotate, flip and even completely refold [8, 13] . And now we know that it can also evolve new catalytic activities that go beyond ATP hydrolysis and phosphorylation [1] .
Once an animal steps over an obstacle with its forelimbs, the obstacle is no longer visible. The posterior parietal cortex appears to maintain an obstacle representation in working memory through phasic and sustained activity to allow for appropriate hindlimb elevation.
A lone Himalayan blue sheep grazes on the thick, green carpet of grass at the base of a mountain. Though the sun has barely risen from its slumber, the tempting feast is too much for this hungry male. But he's not alone. Above, hidden by the craggy terrain, an equally ravenous snow leopard creeps closer. The large feline raises a front paw to clear a jagged rock, then follows with the other. The obstruction is now out of view, but her prey is not: how does she know how high to raise her hindlimbs so that she does not trip and ruin her potential meal? A new study by Wong and Lomber [1] , reported in this issue of Current Biology, provides a neural basis for this crucial ability.
Negotiating obstacles is an everyday occurrence. Animals big and small must contend with scattered debris as they traverse the forest floor in search of food, or race across an open plain as they flee from a predator. Humans are not exempt from these actions. For instance, we must clear the sidewalk curb on the way to work, or the child's toy haphazardly left in the middle of the hallway. And nothing ruins a beautiful hike like catching a toe on a twisted tree root and landing face down in a patch of mud. This speaks to the surprising complexity of stepping over an obstacle.
How does one perform this action? To start, an animal must detect the obstacle in its path; this is often through sight. Next, the animal needs to relate the obstacle's position with its own. Then it has to select the appropriate paw placement in front of the obstacle, before stepping over with each forelimb; this also relies on an estimate of obstacle size. At this point, there is a problem, though. Because the obstacle is under the body, the animal can no longer see it ( Figure 1A) ; however, the hindlimbs still need to step over it. This is where a form of spatial working memory likely plays a role, and what Wong and Lomber [1] have addressed in the cat. Specifically, they show that cells in area 5 of the posterior parietal cortex appear to maintain such an obstacle-related memory.
The researcher's obstacle working memory paradigm is based on earlier work in the cat [2, 3] that has been replicated in horses [4] and humans [5] . How does it work? First, an animal approaches a thin obstacle on a pathway; it is permitted to step over the obstacle with each forelimb. Next, the animal stops in front of a plate of food resting on a platform, such that it straddles the obstacle between its forelimbs and hindlimbs ( Figure 1A) . The animal remains in this state for a certain period of time, where presumably it maintains the memory of the obstacle's height and position. During the delay, the obstacle is lowered without the animal being aware. The food is then removed, and the animal is allowed to continue walking forward. Cats, horses and humans all show the ability to scale their trailing limb toe elevation to the height of the obstacle, even after delays ranging from a few seconds to several minutes [2] [3] [4] [5] .
Wong and Lomber [1] recorded from over 800 cells in area 5 of the posterior parietal cortex using chronicallyimplanted, floating microelectrode arrays. Why would they focus on this area? This cortical region is known to play a strong role in planning visually guided limb movements [6, 7] . Area 5 cells continue to discharge after a visual cue is extinguished and before a reaching movement is required [8] , and those that respond to approaching obstacles remain active when vision is temporarily occluded [9] . Furthermore, permanent lesions [10] or reversible deactivation [11] of area 5 of the cat led to a decrease in hindlimb toe clearance over an obstacle, indicative of impaired working memory. There is also preliminary evidence that cells in this region remain active while the animal straddles an obstacle [12] .
Wong and Lomber [1] found, compared to an obstacle-absent condition, sustained changes in the activity of a subset of area 5 cells during the entire delay period ( Figure 1B) , reminiscent of earlier work [12] . A second population of cells had their activity modulated during the initial second of the delay. And a third population of cells had their activity modulated during the last second of the delay. In each of these latter, newly discovered populations, no sustained activity throughout the delay was evident ( Figure 1B) . The activity of a small portion of each population of cells also correlated with step height. The fact that objects can be retained in working memory after they are no longer visible may help explain the ability of animals and humans to step over or around an obstacle, or onto targets, with only intermittent vision [13, 14] .
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Dispatches period activity is not restricted to when the cat straddles the obstacle between its forelimbs and hindlimbs; it is also present in a population of cells when the obstacle is between the two hindlimbs. Thus, the obstacle representation is available to guide both hindlimbs. Second, if instead of seeing the obstacle, the cat trips over it with its forelimbs while eating food from the platform, it still scales the hindlimbs appropriately [1, 11, 15] . Wong and Lomber [1] showed groups of cells that either responded similarly or differently during the delay when the obstacle memory was visually-or tactilely-driven. This suggests that there are both sensory-specific and higher-order cells involved in this memory maintenance. What do the area 5 cells actually signal? Wong and Lomber [1] suggest that cells whose activity correlated with step height provide information about the forelimb step trajectory. Proprioceptive input or an efference copy of the forelimb motor command may drive this activity [1, 3, 10] . On the other hand, a recent proposal argues that area 5 estimates the relationship between an object and the body for the purpose of modifying gait [7, 12] . Consistent with this proposal, distinct populations of area 5 cells in the cat increase their activity at specific distances-or times-to-contact with an approaching obstacle [16] . The ensemble activity of the individual cells within each population shows a progressive increase up until the animal modifies gait to step over the obstacle. Maintaining this relationship in working memory would allow the animal to appropriately time hindlimb elevation. Could this explain the working memory-related activity in the Wong and Lomber [1] study? The fact that the majority of cells showing either sustained or phasic modulation in the presence of an obstacle do not correlate with step height is consistent with this idea. Taken together, some area 5 cells may encode obstacle (or step) height, while others may encode an object-body relationship; this information is stored throughout the delay (via sustained activity cells) or recalled towards the end (via late delay activity cells). Ultimately, the precise nature of the working memory-related activity still needs clarification.
Recent progress on understanding the neural basis of obstacle negotiation clearly demonstrates that working memory and locomotion are heavily intertwined. How area 5 interacts with other regions of the brain in this obstacle paradigm, particularly those involved in working memory, such as the prefrontal cortex [17] , is unclear. This should be a fruitful avenue to explore. Furthermore, it will be important to determine how the cells of this region integrate with placeand grid-cell networks, which are thought to play a critical role in navigation [18, 19] . Indeed, maintaining an egocentricbased object representation in memory is relevant for general spatial navigation, and not simply stepping over an obstacle. Importantly, there is support for the idea that the posterior parietal cortex is involved in this ability [19, 20] . Perhaps greater collaboration between research groups studying these functions, both in animal models and humans, will lead to exciting new discoveries.
Whether our snow leopard succeeds in her quest for food, or her prey manages to escape unharmed, will depend not only on their locomotor ability, but also on their strength and their will to survive. These life and death situations are frequent throughout the animal kingdom. Thankfully, you and I rarely have to deal with this type of peril. We do, however, need to negotiate our own concrete jungle. Let's hope that the next time you encounter an obstruction in your path, your posterior parietal cortex has you covered.
